1. Introduction {#S1}
===============

Alzheimer's disease (AD), which is characterized by accumulation of extracellular amyloid beta (Aβ) plaques and intra-neuronal hyperphosphorylated neurofibrillary tau tangles in the brain, is the most common form of dementia ([@R24]). Aside from severe cognitive deficits, approximately 25 to 40% of AD patients also display profound circadian rhythm and sleep-wake disturbances, which may precede overt cognitive impairments ([@R8], [@R45]). These disturbances include fragmented sleep, frequent nighttime awakenings, and excessive daytime sleepiness ([@R57], [@R4], [@R5]). Altered sleep architecture in AD includes reduced rapid eye movement (REM) and slow wave (SWS) sleep in addition to increased latency to REM sleep ([@R57], [@R6], [@R54]). Fragmented sleep, which is also common in many other pathological conditions including Parkinson's Disease, Diffuse Lewy Body Disease (DLBD), sleep apnea, and neuromuscular disorders, has wide spread consequences ranging from excessive daytime sleepiness to impaired memory consolidation ([@R35], [@R11], [@R12], [@R59]). Recent studies suggest that reduced slow wave sleep, which has been shown to have restorative functions, might be the contributing factor to this impaired memory consolidation ([@R68]). However, there is still much debate regarding the contribution of different sleep stages in the consolidation of different type of memories, with some data supporting a role for all stages of NREM in declarative memory and a greater role for REM in non-declarative memory ([@R65], [@R43], [@R48], [@R15]).

In regard to circadian system dysfunction, Saitlin et al found that AD subjects have reduced locomotor activity and phase delays of approximately four hours in their activity rhythms and three hours for the core body temperature rhythm compared to healthy elderly subjects ([@R60]). Often, AD patients also display "sundowning"; a behavioral state characterized by increased aggressiveness, restlessness and anxiety seen towards the afternoon and evening hours ([@R66]). These changes in sleep and circadian rhythms, which correlate positively with the degree of progression of AD, not only affect the quality of life of patients and their care givers but also constitute one of the major factors for institutionalization ([@R56], [@R67]).

Aggregation of amyloid beta (Aβ) in the brain has been implicated in sleep perturbations as well as in the pathogenesis of AD ([@R26], [@R25]). Various findings suggest that Aβ aggregation, as indicated by reduced cerebrospinal fluid (CSF) Aβ42 levels, begins as early as 15 years prior to the appearance of clinical symptoms (i.e. the preclinical stage) ([@R47], [@R53], [@R62]). Even in asymptomatic individuals, Aβ is associated with neural dysfunction of the brain networks subserving memory formation ([@R61]). Among cognitively unimpaired individuals, those with higher levels of Aβ accumulation had poorer sleep quality and shorter sleep duration compared to controls without Aβ plaques ([@R30], [@R41], [@R63]).

Various studies performed in mouse models of AD also indicate an association between sleep perturbations and AD pathogenesis. Using microdialysis, Kang et al demonstrated that young Tg2576 mice (a model of AD), and wild type mice (C57BL6) have diurnal oscillations of brain interstitial fluid (ISF) Aβ, with higher levels during the active phase (night-time) ([@R31]). In aged APPswe/PS1δE9 mice with prominent Aβ plaques, sleep is disrupted as well as ISF Aβ diurnal rhythm is lost ([@R58]). Further, sleep deprivation increases ISF Aβ, which decreases during sleep recovery ([@R31], [@R58]). Similar diurnal oscillations were found for CSF (cerebrospinal fluid) Aβ in healthy human subjects, with higher Aβ levels in day and reduced levels at night ([@R31]). These studies suggest that sleep loss accelerates the Aβ deposition and therefore sleep alterations may serve not only as an early marker of AD but also raise the possibility that improved sleep could slow progression of the disease. The extent to which the changes in sleep-wake patterns contribute to or are the result of AD progression is poorly understood. Because studies in AD patients are difficult and expensive, an animal model displaying sleep alterations that mimic those found in AD is necessary.

Our present study aimed at investigating whether 5XFAD mice (MGI: 3693208), a well-characterized, double transgenic model of familial, early onset AD, show alterations in sleep-wake patterns. These mice have five distinct human mutations: three in the amyloid precursor protein (APP) namely Swedish, Florida and London mutations (K670N/M671L, I716V, V717I) and two in the Presenilin1 protein (PS1), i.e., mutations M146Ll and L286V engineered into two transgenes driven by a neuron specific promoter (Thy1). Each of these PS1 and APP mutations increase Aβ~42~ production but when present together act additively to bring about an excessive Aβ~42~ burden and hence early onset and aggressive AD pathology ([@R10], [@R19], [@R9], [@R50]). These mice thus develop severe intraneuronal Aβ~42~ at an early age of 1.5 months, amyloid deposition at 2 months, and loss of synapses around 9 months of age ([@R50]). As well as aggressive neuropathology, 5XFAD mice exhibit memory deficits as early as 4--6 months of age, in a range of behavioral assays such as Y maze, Morris water maze, contextual fear conditioning, auditory trace fear conditioning paradigm, and olfactory H maze ([@R50], [@R52], [@R51], [@R14], [@R23]). Since the 5XFAD mice exhibit well characterized, early onset AD-like neuropathological changes and cognitive impairments, the current study investigated whether these mice also exhibit sleep alterations similar to those reported in AD patients. Since AD affects men and women, we included both male and female 5XFAD mice in our study. More women are known to have AD compared to men, possibly because of longer life expectancy in women ([@R27]) or due to hormonal alterations late in life ([@R46], [@R1], [@R49], [@R37]). In this study, we analyzed the following sleep traits: sleep during the day and night, sleep bouts during the day and night under baseline conditions, and then examined sleep behavior again after 4 hour sleep deprivation in an effort to find if 5XFAD mice model some aspects of the sleep alterations reported in human AD patients.

2. Experimental procedures {#S2}
==========================

2.1. Animal and housing conditions {#S3}
----------------------------------

This study utilized individually housed 5XFAD mice (males: N=10; females: N=7) and wild type mice (males: N=7; females: N=11) for baseline recording and sleep deprivation protocol was applied on 5XFAD (males: N=9; females: N=6) and wild type mice (males: N=6; females: N=11) of 4--6.5 months of age (lost data for few mice because of system failure), obtained from a breeding colony maintained at University of Kentucky. The original 5XFAD stock was provided by The Jackson Laboratories. Originally, 5XFAD were generated on B6/SJL background as previously described ([@R50]). This mouse model co-expresses three APP (Swedish: K670N/M671L, Florida: I716V and London mutation: V717I) and two PS1 human familial mutations (M146L, L286V) under the regulation of neuron-specific murine Thy1 promoter. These mice show intracellular Aβ accumulation at the age of 1.5 months. Plaque deposition can be detected since 2 months of age; first appearing in deep layers of cortex and subiculum and eventually spreading to most of the cortex, subiculum and hippocampus. Apart from neuroinflammation, these mice also present neuronal loss, a characteristic often missing in most of the other transgenic mouse models of AD ([@R50], [@R29], [@R20]). In 5XFAD mice, synaptic degeneration as evident from reduced expression of synaptic markers is seen commencing at the age of 4 months, the same age at which various hippocampal- and cortical- dependent memory impairments have been observed ([@R50], [@R52], [@R51], [@R14], [@R23]). The 5XFAD mice have also been reported to have lower body weight (\~10%) than wild-type controls at 6--7 months of age ([@R29], [@R3]); whether this results from changes in food intake or metabolism has not been reported, to the best of the authors' knowledge.

In the current study, all mice were exposed to an alternating light (L): dark cycle (D), with lights on from 7 AM to 7 PM. Food (pellets) and water were provided ad libitum. All experimental procedures (described below) were approved by the Institutional Animal Care and Use Committee at the University of Kentucky and are consistent with the Institute of Laboratory Animal Resources Guide for Care and Use of Laboratory Animals, 8^th^ edition.

2.2. Sleep recording with piezoelectric system {#S4}
----------------------------------------------

Sleep and wake states were determined using a piezoelectric system, as described previously ([@R21], [@R16]). The system is comprised of plexiglass cages lined with piezoelectric films across the bottom that detect pressure variations. For all sleeping postures of the mouse, pressure variations from breathing are detected. Sleep states are characterized by quasi-periodic signals with low variations in amplitude, whereas wakefulness and rest states are characterized by irregular transient and high amplitude pressure variations corresponding to conscience body movements and weight shifting. Signal features sensitive to the differences between the sleep and wake states are extracted from the short-time pressure signal segments, and classification is automatically performed every 2 seconds. Data collected from the piezo system were binned over specified time periods (e.g. 5 minutes, 1 hour) using a rolling average of the percent sleep, as well as binned by length of individual bouts of sleep and the mean bout lengths were calculated. The sleep bouts were computed as the duration of contiguous sleep states. Sleep bouts were terminated by any arousal more than 2 seconds in duration. When counting all short arousals and short sleep bouts, average bouts in mice are typically less than 1 minute ([@R22]). The piezo system has been validated with EEG and human observations and demonstrates a classification accuracy of over 90% ([@R16], [@R42]).

Prior to sleep recording, the mice were acclimated in the plexiglass cages for 2--4 days. For the baseline measurements, mice were recorded for 3--5 days, during which time the mice were undisturbed except for monitoring once daily for food and water. The parameters that were analyzed under baseline conditions included total sleep time averaged over 24 h, average percentage of sleep across day (light phase), average percentage of sleep across night (dark phase), average sleep bout length (across 24 hours, day and night), activity onset defined as the time relative to dark onset when the first sharp increase in percent wake states computed over a 2-hour sliding window occurs between 3 hours before and 3 hours after dark onset, on each day. This is typically the largest increase in this period, increasing from below 40% wake time to over 80% wake time. Diurnal wake ratios are related to the differential wake percentages during the light and dark phases, and are defined as the ratio of maximum wake-state percent in the dark phase to the minimum wake-state percent in the light phase, where percentages are computed over 3-hours intervals. Activity onset, as defined above, was also used a phase marker for the daily rhythm of sleep and activity.

For the second part of the study, the mice were sleep deprived for 4 hours beginning either at 8 or 9 AM. Sleep deprivation was accomplished by transferring the mice to novel cages. To keep the mice awake, nestlets (squares of cotton fibers that mice shred to build nests) and other novel objects were introduced to the cages, and cages were tapped gently when mice appeared ready to sleep. As the four hours progressed, more action was needed to keep mice awake. First, cage lids were gently removed and then replaced, providing additional air flow and olfactory and visual stimulation. If this failed to arouse the mice, then they were gently manipulated to induce movement. At the end of the sleep deprivation protocol, the mice were transferred back to their piezoelectric cages to continue monitoring sleep bout lengths and total amount of sleep.

2.3. Data analysis {#S5}
------------------

The data were analyzed using SPSS statistics software version 20.0. Group data was analyzed by a general linear model of analysis of variance (ANOVA) for the baseline studies. Initial assessment showed that males and females differed significantly from each other (not shown), consequently all the data were pooled and analyzed separately for the two sexes. Before conducting ANOVA, the data were tested for normal distribution and homogeneity of variance. For all of the sleep-wake parameters under consideration (listed above), P-value less than 0.05 were considered significant. Genotype was considered as an independent variable and the parameter under observation as the dependent variable. Hourly sleep percentage and bout length after 4 hour of sleep deprivation were analyzed with mixed ANOVA.

2.4. Post-mortem genotyping {#S6}
---------------------------

After the sleep recording was complete, the mice were euthanized by CO~2~ inhalation and decapitation. From dissected brains, cortex was preserved at −70° C for genotyping. Genotyping was conducted using conventional PCR or/and three-step serial extractions of Aβ with sequentially increasing denaturing conditions followed by quantification with a two-site (sandwich) ELISA as described previously ([@R36], [@R44], [@R2], [@R7]). The primers used are listed here:

PCR Primer Sequence (5\' to 3\') APP Forward: AGAGTACCAACTATGACTACGAPP Reverse: ATGCTGGATAACTGCCTTCTTATCPS1 Forward: ATGACAGAGTTACCTGCACCGTTGPS1 Reverse: CTGACTTAATGGTAGCCACGACCA

3. Results {#S7}
==========

3.1. Sleep under baseline (undisturbed) conditions {#S8}
--------------------------------------------------

Sleep-wake patterns were monitored in 5XFAD mice in order to determine the effects of Aβ~42~ overexpression. Statistical analyses (ANOVA) showed that 5XFAD male mice did not differ from control littermates in the average total amount of sleep \[i.e., sleep across 24h (F~(1,49)~= 1.11, P=0.298)\]; daytime sleep (F~(1,49)~=0.48, P=0.493), or nighttime sleep (F~(1,49)~=0.63, P=0.431) ([Figure 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"})\]. In the case of females, 5XFAD mice showed a significant reduction in average total amount of sleep (F~(1,52)~=7.09, P=0.01) as well as nighttime sleep (F~(1,52)~=7.54, P=0.008), compared to wild-type mice ([Figure 1](#F1){ref-type="fig"}). Additionally, average total sleep bout length (across 24h) was reduced in 5XFAD mice of both the sexes; 14% in males and 26% in females ([Figure 1](#F1){ref-type="fig"}). The decreased bout length in 5XFAD mice was observed during both the light phase and the dark phase (male mice: average bout length across 24h, F~(1,49)~=12.12, P=0.001; daytime, F~(1,49)~=7.97, P=0.007; nighttime, F~(1,49)~=8.77, P=0.005) and for female mice: average bout length across 24h, F~(1,52)~=24.18, P\<0.001; daytime, F~(1,52)~=10.48, P=0.002; nighttime, F~(1,52)~=34.48, P\<0.001).

There was no apparent genotypic difference in the sleep wake profile for both the sexes compared to their control littermates ([Figure 2](#F2){ref-type="fig"}). Both WT and 5XFAD mice had activity onsets closely coinciding with dark onset, suggesting that there was no apparent change in phase of the daily sleep-wake rhythms. Similarly, there was no change in the peak activity or diurnal wake ratio. For males, the diurnal wake ratio (mean ± S.E.M.) was: WT, 2.67±0.21, and 5XFAD, 2.93±0.34. For females, the diurnal wake ratio (mean ± S.E.M.) was: WT, 4.46±0.33 and 5XFAD, 4.38±0.58. The higher ratio in females was due to less sleep during the dark period, as is typical for female mice.

3.2. Sleep after 4-h sleep deprivation {#S9}
--------------------------------------

Percent of sleep and bout length (dependent variables) in the 6 hours immediately after sleep deprivation (4 hours) was compared between wild type and transgenic (5XFAD) groups using mixed ANOVA model with the genotype as the between-subjects variable and time (6 time points) as the repeated measure (or within subject variable). There was no interaction between genotype and time for bout length (males: F ~(5,65)~=0.49, P=0.782; females: F ~(5,75)~=0.580, P=0.715) and sleep duration (males: F ~(5,65)~=1.55, P=0.186; females: F ~(5,75)~=0.922, P=0.471) after sleep deprivation for either sex ([Table 2](#T2){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}).

4. Discussion {#S10}
=============

Sleep has become a key avenue of research in the quest to find mechanisms underlying Alzheimer's disease and development of effective therapeutics. It plays a variety of roles crucial to maintaining optimal brain functions and has been found to be closely linked to AD pathology. One source of evidence comes from a study where improved sleep lowered the risk of AD in people with at least one APOE ε4 allele ([@R40]). This finding is consistent with other studies showing that AD patients frequently have poor quality of sleep, even before the onset of clear symptoms. Poor sleep may be one factor contributing to their compromised cognition since sleep plays a critical role in learning, memory, and other brain functions ([@R18], [@R33], [@R34], [@R32]). In a recent study, Lim and colleagues found that loss of neurons in the intermediate nucleus, a proposed homologue of the rodent ventrolateral preoptic nucleus (VLPO), is a potential contributing factor for the fragmented sleep seen in older individuals including Alzheimer's patients ([@R39]).

This study aimed at identifying sleep-wake alterations in the AD mouse model- 5XFAD, that recapitulates certain features of the human AD condition and may help in understanding the underlying mechanisms of this disease. Both male and females 5XFAD mice belonged to the age group, 4 to 6.5 months, which shows many of the pathological characteristics of AD including accumulation of intraneuronal Aβ, cerebral plaque deposition, gliosis, synaptic degeneration, neuronal loss, and memory deficits ([@R50], [@R52], [@R29], [@R20]). Early onset of the robust pathology seen in these mice attributable to the incorporation of five additive mutations lead to increased total Aβ production which makes the 5XFAD mouse a useful experimental tool for investigating the effects of increased Aβ~42~ levels which is thought to be one of the key factors involved in disease progression. Also, only a handful of previous studies of AD mouse models have included both sexes or investigated sleep fragmentation.

Our findings show that under baseline conditions, average length of sleep bouts was reduced in both male and female 5XFAD mice. In addition, female mice also had significant reduction in total sleep time averaged over 3 days and sleep occurring during the dark periods. However, male mice did not differ from control littermates in their sleep duration. In contrast to initial expectations, reductions in bout length were found to be greater during the night (the active phase in mice), which does not necessarily model the human condition of disrupted sleep at night (the usual inactive phase for humans). However, the overall decrease in bout lengths in the 5XFAD mice suggests increased fragmentation and disruption in sleep consolidation throughout the day. This finding is likely to be relevant to human sleep disturbances, since mice (unlike humans) usually exhibit considerable amounts of sleep during both the day and night. Assessment of the sleep-wake parameters for the 6 h immediately after sleep deprivation (for 4 h) indicated that genotype did not affect bout length or sleep percentage in either males or females, although there was a general trend of reduced bout length in both sexes.

In general, our findings of decreased sleep bout lengths in 5XFAD mice support and extend previous findings of differences in sleep physiology in other AD mouse models. Reduced NREM duration has been reported in PLB1~triple~ knock in mice (hAPP/hTau/hPS1), whereas lower REM sleep (during light period) was observed in PDAPP (overexpresses hβAPP) and Tg2576 mice ([@R28], [@R72], [@R55]). APPswe/PS1δE9 mice aged 9 months had reduced REM and NREM sleep stages across both light and dark phases ([@R58]). However, some AD mouse models, such as APP/PS1 knock-in mice, do not exhibit obvious changes in sleep ([@R17]).

In the current study, we did not find any change in the phase of the rhythm in 5XFAD which replicates previous findings in APP/PS1 mice and other AD mouse models ([@R64], [@R17]). In this respect, the AD mice do not closely resemble the AD patients, which show large delays in the phase of their activity and temperature rhythms compared to those of normal elderly subjects. However, there were sex differences in the 5XFAD transgenic mice. The mechanisms causing the sex differences in sleep over 24 hours and sleep at night in the 5XFAD mice are unknown. It is possible that sex disparity in Aβ levels contributes to the sleep differences. Oakley et al in their studies on 5XFAD have reported that Aβ~42~ levels were higher in young females compared to age-matched males (until at least 9 months of age). This may explain the differences found between the two sexes in our study. Further, this observation indicates that the extent of sleep disruptions may be linked to the levels of Aβ as proposed by previous studies. In addition, some studies indicate that hormonal alterations in the later part of life in women may pose a higher risk of AD for them as compared to men, although some studies indicate otherwise ([@R46], [@R1], [@R49], [@R37]). It is possible that there may be other underlying causes present which require further investigation. In the 5XFAD mice, Devi et al illustrated that stressful conditions resulted in higher Aβ42 levels and plaque burden in hippocampus of females but not in males ([@R13]). Sex differences were also seen in a study of Tg2576 mice ([@R70]). Post AD pathology (22 month old), females in addition to exhibiting sleepwake alterations common to males also showed increased REMS. However, Tg2576 mice (15--17 months) did not show any significant effect of sex or sex X genotype interaction on theta to delta ratio in the EEG ([@R70]). In another study in 3XTg mice, males with AD pathology did not show genotypic differences in circadian phase shifts post AD pathology but females had a tendency towards large circadian phase shifts in response to light pulses presented in the early subjective night ([@R64]).

While the present findings indicate that the 5XFAD mice exhibits some sleep alterations that are relevant to AD, there were also some limitations to this study. One limitation was that the algorithms currently used by the piezoelectric system do not distinguish REM sleep from NREM sleep, although algorithms under development may be able to do this in the future. Also, it should be kept in mind that this mouse model represents the advanced stage of AD with its early onset and extensive pathology.

5XFAD mice show amyloid pathology- an important characteristic of Alzheimer's disease - but fail to exhibit hyperphosphorylated tau. Those AD mouse models that do show tau pathology differ from human clinical presentation in important AD features like neuronal loss and intraneuronal Aβ ([@R69], [@R38]). In spite of their various limitations, the 5XFAD mice and other AD mouse models exhibit sleep alterations that resemble some aspects of the sleep disruptions reported in AD patients. As described above, the 5XFAD mouse model is especially useful because it exhibits neuronal loss, similar to AD patients, and the early onset pathology in the 5XFAD mice allows them to be studied at younger ages than other AD mouse models. Therefore, this mouse model is useful for investigations of the role of sleep loss in the progression of AD.

Recent studies show that sleep impacts Aβ levels in the brain. Diurnal oscillations of Aβ levels in human cerebrospinal fluid (CSF) and in mouse hippocampal interstitial fluid (ISF) exhibit lowest values during the rest phase. Furthermore, sleep deprivation during the normal rest phase elevates these Aβ levels ([@R31]). The diurnal rhythms of Aβ levels become attenuated and eventually lost as Aβ deposition in the brain progresses ([@R58]). These changes begin in parallel to onset of sleep disruptions in mice ([@R58]). Further, a recent study by Xie and colleagues demonstrated that sleep strongly increases clearance of Aβ, one of the metabolites generated by neuronal activity, which is greatest during wakefulness ([@R71]). These studies further support the concept that sleep disruption may be one of the causal factors involved in progression of the AD. A feedback loop might exist where Aβ accumulation might deteriorate sleep quality which could lead to further Aβ accumulation and increasing the susceptibility of the patients further to the pathophysiological changes associated with AD.

5. Conclusions {#S11}
==============

The 5XFAD mouse model of AD overexpresses amyloid β at an early stage and is therefore useful in studying the effect of Aβ on sleep. Our findings showed various sleep-wake alterations in both male and female 5XFAD mice under baseline conditions and also after sleep deprivation. The overall decrease in bout length suggests increased fragmentation and disruption in sleep consolidation that may be relevant to human sleep disturbances in AD and other neurological diseases. Because sleep disturbances precede overt AD symptoms by ten years or more, and experimental sleep disruption accelerates Aβ deposition, sleep enhancement may be a valuable therapeutic target for treatment of AD that can be investigated in 5XFAD mice.
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![Sleep-wake patterns in 5XFAD and WT littermates under baseline conditions. Average percent sleep across 3 consecutive days analyzed over (A) 24 hours, (B) dark phase, and (C) light phase. Female but not male 5XFAD mice show reduction in sleep duration across 24 h and during the dark phase. (D to F) depicts average bout length in seconds (s) over (D) 24 h (E) dark phase, and (F) light phase. 5XFAD mice of both sexes had shorter average bout lengths across all phases in both the sexes. Values represent means ± SEM. \*: P \< 0.05; \*\*P \<0.01, \*\*\*P \< 0.001](nihms662912f1){#F1}

![Representative sleep-wake profiles for 5XFAD mice (A and C) and control littermates (B and D). The percent wake plotted on the Y axis is represented as a sliding average over a 2 hour window. Hours of recording are plotted on the X-axis where 0 represents the midnight of day 1. Broken vertical lines demarcate the dark phase, which is also indicated by a heavy horizontal black line at the bottom.](nihms662912f2){#F2}

![Comparison of the sleep-wake patterns of WT and 5XFAD mice after a sleep deprivation of 4 h. Average percent sleep in males (A), females (B), and average bout length in male (C) and female mice (D) was analyzed for 6 h of the recovery period. No genotype difference was found using Mixed ANOVA.](nihms662912f3){#F3}

###### 

Effect of genotype on sleep wake traits under baseline conditions

  Parameter                               Wild type   5XFAD                                         Wild type   5XFAD
  --------------------------------------- ----------- --------------------------------------------- ----------- -----------------------------------------------
  Percent sleep day                       56.5±0.8    55.7±0.8                                      55.1± 1.4   52.5± 0.8
  Percent sleep night                     27.1±1.5    25.4±1.4                                      23.2± 1.3   17.2± 1.8[\*\*](#TFN3){ref-type="table-fn"}
  Percent sleep total-24h                 41.8±0.8    40.6±0.8                                      39.1± 1.1   34.8± 0.9[\*](#TFN2){ref-type="table-fn"}
  Bout length day (sec)                   60.4±2.0    54.0±1.3[\*\*](#TFN3){ref-type="table-fn"}    65.6± 2.1   54.0± 3.0[\*\*](#TFN3){ref-type="table-fn"}
  Bout length night (sec)                 46.1±2.5    37.0± 1.9[\*\*](#TFN3){ref-type="table-fn"}   33.7± 1.2   21.0± 1.9[\*\*\*](#TFN4){ref-type="table-fn"}
  Bout length total-24h (sec)             54.5±1.9    46.9±1.2[\*\*](#TFN3){ref-type="table-fn"}    50.4± 1.2   39.9± 2.0[\*\*\*](#TFN4){ref-type="table-fn"}
  Activity onset (hrs after dark onset)   0.11±0.13   0.13±0.18                                     0.14±0.17   0.01±0.10

Values represent means ± SEM.

: P \< 0.05;

P \<0.01,

P \< 0.001.

All comparisons are between WT and 5XFAD of the same sex.

###### 

Effect of genotype on sleep wake traits after sleep deprivation (SD)

  ------------------------------- ------------ ----------- ----------- ----------- ----------- -----------
  Percent sleep post-SD                                                                        
                                                                                               
                                  *1^st^ h*    *2^nd^ h*   *3^rd^ h*   *4^th^ h*   *5^th^ h*   *6^th^ h*
  WT Male                         24.4±6.2     65.9±7.3    46.9±8.5    30.0±7.5    41.4±10.3   10.4±8.2
  5XFAD Male                      24\. 9±5.1   49.1±5.9    49.8±7.0    39.9±6.1    35.3±8.4    23.7±6.7
  WT Female                       60.4±5.9     67.4±4.2    67.8±4.6    62.8±4.2    54.2±6.2    59.3±4.1
  5XFAD Female                    50.3±8.1     57.4± 5.7   54.3±6.3    56.3±5.7    55.6±8.5    42.5±5.6
  Bout length (seconds) post-SD                                                                
                                                                                               
                                  *1^st^ h*    *2^nd^ h*   *3^rd^ h*   *4^th^ h*   *5^th^ h*   *6^th^ h*
  WT Male                         22.9±4.5     55.9±6.7    51.6±10.3   37.5±7.0    48.8±23.3   22.1±10.5
  5XFAD Male                      20.5±3.7     36.7±5.5    43.5±8.4    34.9±5.7    50.6±19.0   25.9±8.6
  WT Female                       42.5±5.1     50.4±4.7    52.0±5.1    48.4±5.3    45.0±4.6    50.5±5.5
  5XFAD Female                    45.4±6.9     44.2±6.4    46.6±6.9    43.7±7.1    37.7±6.3    39.6±7.4
  ------------------------------- ------------ ----------- ----------- ----------- ----------- -----------

Values represent mean ± SEM

-   AD patients have disturbed sleep, including increased sleep fragmentation.

-   Sleep and wake patterns in 5XFAD mice, a model of AD, were examined.

-   5XFAD mice of both sexes were found to have reduced sleep bout lengths.

-   Female 5XFAD were more severely affected, and had reduced total sleep as well.

-   Sleep alterations in 5XFAD mice may be relevant to human AD sleep disturbances.
